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Introduction

e CDF at the Fermilab Tevatron

e The “Discovery Watch” idea

e EXxisting discrepancies
... and related new search results

- Resonances
- Higgs beyond the standard model

- Global searches

e Conclusions
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LINAC P N
-Accelerates protons to 400 MeV '_ ot

Booster
-Accelerates protons to 8 GeV

Main Injector 3
-Accelerates protons to 120 GeV [ ;

- to nickel target to make p's
- to fixed target and v expits.

-Accelerates p's and p's to
150 GeV for injection into Tev.

Accumulator
-Receives p's

Recycler
-Holds (~400mA) and cools p's

Tevatron
-Superconducting synchrotron
-Accel. to 980 GeV and collides
-Counter-rotating helical beams
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Tevatron Performance
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e Additional records:
- Integrated for single store: 11.0 pb"

- Most p's collected in one hour: 27 mA A e T v :
Z 50 100 150 200 250 300 350
- Largest stash of p's: 465 mA Day

e Achievements:
- Electron cooling of p beam

- Routine operation of two p storage rings
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Collider Detector at Fermilab

Silicon
- 8 layers
atr=1.3 cmto 28 cm

Drift Chamber
- 4 axial + 4 stereo
“super-layers”
- |n| < 11

1.4T solenoid
- superconducting

Hadronic calo.
- central and plug

Muon systems
- drift chambers

- 3 systems: |n| < 1.0
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CDF Performance
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CDF Performance Il

Data Taking Efficiency
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The “Discovery Watch” Idea

History
e |nitially conceived as an internal tool to:

- Organize effort onto interesting topics
- Demonstrate, to funding agencies, cases for running Tevatron > 2010

But what is it?

e A collection of CDF results that show some discrepancy compared to
the standard model prediction. The discrepancy may appear in:
- Kinematic distribution
- Observed number of events (and related cross section limit)
- Measured parameter

e Such discrepancies, appearing in results using up to 3 fbo™,
are candidates for becoming discoveries with the final
full CDF Run Il data sample
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“Discovery Watch”

e There is a webpage - T

== . hity wvw-cdf.fnal.gov/intemnal/physics/exotic, discovery_watchfindex.ht | v | [ \G\-u

= S OO n to be m ad e p u bl i C (al | th e reS u I‘tS [Clcoogle ¥?My Yahoo! @ CDF Fast Navigator [G|Google Maps W Main Page - Wikipedia... @ CDF Run Il 3rd Genera... [HEELOG Logbook Selecti...
are public) CDF Discovery Watch

e is intended to kee ck of CDF results ti i e Sta Model prediction. It is hoped that one or more of these ma

Aren't there limitations to doing this? [

e Expect statistical fluctuations

- ~180 Run Il publications so far e . .
- Only some are searches i ‘

respect to the d sources while 13

The m
exces:
distribution is loc

Eventais GaVic)

model prediction events are obs:

- Searches have many channels e e I
and many distributions |

- For 180, expect ~8 deviations of >20 [ | wlneen | ] |

sents are ohserved
around 515 GeV, while the

In this search for two

e \Worse than looking under the ik : el IETWE
lamp post for our keys B h
- First we looked only where we had a shot ol T | e T | S

uth search found this region in th
region in the sumPt i e mu + MET fir

at seeing something, and now we talk | e

MET final sta

Events per 10 Gev

events o

about only a subset of those S R 7 v

ring only ical
uncentainties, this is a 2.

e You might think of other limitations...
e | am not advocating using this to guide all of CDF's efforts
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From the Discovery Watch

e This talk features the highlights from the current Discovery Watch list,
and related new results

e They fall into three categories:
|. Resonances

ll. Higgs beyond the standard model

lIl. Global searches
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Resonance Searches

e | will present results of three searches for new resonances

(1) Dielectron search, including two forward electrons

(2) Dielectron search, including =1 central electron

(3) Dimuon search
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Resonances Motivation |

e e'e” and u*u” are classic discovery signatures (J/psi, Upsilon, Z)

- Search in leptonic decays instead of hadronic decays:
- Lower backgrounds, better identification, better momentum measurement;
more than make up for lower branching fraction

e Spin-0:
- Still searching for a fundamental scalar
- MSSM Higgs could have enhanced production to dileptons

- SUSY R-parity violation can yield sneutrinos

- New fermion for every boson, and new boson for every fermion

Particles Sparticles
S OO &
oG By 7
en'T W
12 Aron Soha, UC Davis
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Resonances Motivation I

e Spin-1: Z

- Heavy neutral gauge boson

- Unification of forces (as in GUTs) through extended gauge groups
such as SO(10) or E6

- Spontaneous symmetry breaking to SM groups
— Additional U(1) gauge group(s)
— Z' bosons

- Breaking E6 can result in various U(1) symmetries
- Example: SU(3), X SU(2), x U(1)y x U(1)’
With U(1)"' = U(1),, cos 0 + U(1), sin 0

L L,

- Coupling to SM fields
- Determined by specifics of the group theory and by weak charge

- Long-standing discrepancy (~3.2c0) within precision electroweak fits
- Mixing between Z' and SM Z ?
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Resonances Motivation Il

e Spin-2: Graviton
- Graviton in Randall-Sundrum model of warped extra dimensions

- Seeks to solve hierarchy problem between Planck scale and electroweak scale
- Exponential warp factor weakens gravity at weak brane compared to gravity brane

Gravity Brane Wﬁgsk Brane

- Gravitons propagate everywhere
- Standard model exists within weak (TeV) brane

- Prediction for experimental observation:

Excited massive graviton with electroweak scale couplings to SM particles
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"8 Forward Electrons 0.2 fb

Phys. Rev. Lett. 95, 252001 (2005)

e Central (Jn| < 1.1) and forward (1.2 < |n| < 3.6) regions

ee: central+central, central+forward, forward+forward
uu: central+central
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e Results:
My ¢ ee fifh

(GeV/e?) Observed Expected  Observed Expected

> 150 205 212.9 + 99.3 58 55.3 £ 2.5

= 200 84 78.2 + 33.4 18 20.9 £1.0

> 300 22 13.6 + 4.4 6 5.2+ 0.3
> 400 £ 2.9 +£ 0.7 1 23 £ 0.2
> 500 2 0.8 £ 0.1 1 1.2 £ 0.1

o

Events /5 GeV/¢”
s 2

e Two ee events observed around 515 GeV/c?
- SM expectation is 0.8 = 0.1 events above 500 GeV/c?
- Both are forward+forward

=

- Such excess has not been observed in central+central
or central+forward searches using larger samples

__1 e Set limits: Mg euuine > 725 GeV/c? at 95% C.L.
Dilepton Mass (Gevic) Mgy 2 > 825 GeV/c? at 95% C.L.
Me . ior > 710 GeV/ic° at 95% C L.
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e*e” Resonance Search

CDF Run II Preliminary

L=25fb"
= data
Drell-Yan
QCD
pact,t -PthErSM

L L L .1.‘.‘.‘."1
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Miee) (GeVic')

600 700 800 900 1000
M(ee) (GeV/c')

251b°

e Two electrons, with E; > 25 GeV
® central+central and central+forward

'DF Run Il Preliminary
(data-prediction)/c,, _ ;.o
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200 300 400 500 600 700 800 _ 900 1000,
M(ee) GeV/c

e There is a 3.80 discrepancy in 228-250 GeV/c® window

e Probability to observe a fluctuation at least this large somewhere in
analysis range, 150-1000 GeV/c?, is 0.6%. Significance is 2.50.

Aron Soha, UC Davis
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e"e” Resonance Limits 25 fb"

Submitted to PRL, arXiv:0810.2059v1
e Spin-1: SM-like Z' mass limit e Spin-2: Randall-Sundrum graviton limit
Mgy, » > 966 GeV/c? at 95% C.L. mg > 850 GeV/c? at 95% C.L.

negative curvature
e 0 o

Mp, Planck mass

CDF Run II Preliminary CDF Run II Preliminary

Cross Section Upper Limits (95% C.L., spin-1) |-=2510" Cross Section Upper Limits (95% C.L., spin-2) |L = 2.5 b
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e |
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ey k/M,=0.1
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u u Resonance Search 23w

Submitted to PRL, arXiv:0811.0053v1

e Search for narrow resonance in
Dimuon inverse mass spectrum

- At high mass, curvature resolution is
Is ~independent of curvature

- Constant resolution in 1/p; and 1/m

- 17% m' resolution at 1 TeV

e Two muons, with p; > 30 GeV/c

e Backgrounds

- Electroweak: from Monte Carlo, scaled
using Z peak region

- In-flight kaon decays and jets faking

leptons: from jet data, normalized using

like-sign data

- Cosmic rays: from data, normalized
using timing information

SLAC Seminar, Nov. 2008

‘-I--"h
P
>
[
2
()
S
)
—
[=
Q
>
@

CDF Il preliminary J Ldt=231b"

—— Data

—— Total background
Drell-Yan

—— Hadron fakes
Cosmic Rays

WW
ti

Search |—»Norm.
region region

m;}, (c*/TeV)

e Data are consistent with SM prediction
- p-value = 6.6%

e Place limits on the following scenarios
- Spin-0: R-parity violating SUSY
- Spin-1: Massive Z'
- Spin-2: Randall-Sundrum graviton
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utu Resonance Limit: RPV SUSY zsn

Submitted to PRL, arXiv:0811.0053v1
e Spin-0: sneutrino in R-parity violating SUSY

e Place limits on o xXBR(V—u*u’) and on m; for a variety of values of A*>xBR
A = ddv coupling
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u u Resonance Limit: Z' 230

Submitted to PRL, arXiv:0811.0053v1
e Spin-1: Heavy boson (Z')

e Limits on o xXBR(Z'-u*u’) and on m.,. for a variety of models

- Assume no interference between

) Z' and SM Z/y*

=

) model | m,. limit

= (GeV/c?)

m

o | Z. 789

o o5holSE L'see | 821

2 o Z, | o

:! s _"_Z“ : 74 878

- " -' : 2

X -' Z_ | 8

b z | 982
Z
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u*u Resonance Limit: Graviton 23w

Submitted to PRL, arXiv:0811.0053v1

e Spin-2: Search for first excited Randall-Sundrum graviton

e Limits on oxXBR(G*—u*1’) and on mg. for a variety k/Mp,

)

=
K/Mp, Mg limit %

2
(GeV/c?) &

0.01 293 2
0.015 409 S
0025 493 ; -- Mpdian«:JI Pspuda-E“pﬂrir%pms
0.035 | 651 E o oo
0.05 746 . m— - 001
0.07 824 ; i ey EE::EE&

2 : M 2005
0.1 921 @ | —— iy

nee: — M, = 0.1

8 10
M. (c’/TeV)
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Summary of Resonance Searches
(1) Dielectron search, including two forward electrons

(2) Dielectron search, including >1 central electron

(3) Dimuon search

e Mass lower limits at 95% C.L. (in GeV/c?)

Search Lumi | Spin-0 (v) | Spin-1 (Z') | Spin-2 (G*)
ABR=0.01] Zg, |kMpy =0.1
(1) | ee and up 0206 25 825 710
ee 0.45 fb™ : 850
ee (and yy) 3l : 923 889
(3) | uu 2.3 fb" 810 1030 921
(2) | ee 2.5 fpp - 966 850
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Beyond SM Higgs Searches

e Will present results of three searches for Higgs beyond the standard model

(1) MSSM Higgs, using bbb channel
(2) MSSM Higgs, using Tt channel

(3) Fermiophobic Higgs, using yy channel
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MSSM Higgs: gg — bbH — bbbb

e Production of neutral scalars h, H, A, S — Tevatron
in association with bb - ;
b  gg+bb-H \g~g+bb =
J T~ H -1 :;:ﬁ “Ez b pb s
e =70 WM\
R o0 - Bl 1IN_bb-H

200 300 40¢ '° oo

e For small M, (pseudoscalar mass) M, (GeV) M, (GeV)
and large tanp (d-type / u-type couplings)

- bb—H production enhanced
- BR(H—bb)~90%, BR(H->71)~10%

b's with pr>20 GeV/c, |n|<2 E,, = 1.96TeV

tanf} = 40

iges +0Db’s

e Three b-tagged jets

- Secondary vertex tagging
- Three leading jets with E; > 20 GeV
-Inf <2

, ). ackson, Reina, Wack
Just right hep-ph/0603112

Worse cross section 100 105 110 TE
l\"‘[hn (_(_le\"‘ )
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MSSM nggS 0]0]0) 0.98 fb"

(first round)

CDF Run Il Preliminary (980/pb)
e Data and background
expected limit

1o band ’[empla’[e fit

2a band

observed limit - m;, = mass of two

leading jets
- Includes hypothetical H

- shows corresponding
excess and deficit

Nﬁ
9
—

@
g
1]
=
[
et

=

S

a

e Upward fluctuation of observed limit compared

to expected limit around m,=140 GeV/c?

e Downward fluctuation around m,=200 GeV/c? ol
300
m,, (GeV/c?)
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MSSM Higgs: bbb

e Analysis updated with twice the data

CDF Run Il Preliminary (1.9/fb)

e Deviations, small though they were,
are even smaller now
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95% C.L. upper limits CDF Run Il Preliminary (1.9/fb)

expected limit
1o band
2c band
observed limit

300 350
m,, (GeV/c?)
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e tanp vs m, limit
- Excludes tanp above ~90

95% C.L. upper limits CDF Run Il Preliminary (1.9/fb)

180
m,, (GeV/c?)

- expected limit

10 band
m,™ scenario, 1 = -200 GeV 25 band

Higgs width included

observed limit

200
m, (GeV/c?)
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MSSM nggs H = 7 ¢ (fir1s.t0r];)bu_1nd)

e Two processes contribute Are

b Zi*—TT i

g T~ g - T~ m ?etthf::w, tt
¥ [>— —

QR (vl

b

e Best signatures
- One T decays to e or pu,

150 200 250 300

other hadronic (BR=23%+23%) myjs (GeV)
- One T to e and one T to u (6%)
CDF Runll 1 fb-1
_ MSSM Higgs—tt Search
e Selection Preliminary
- Leptons: p; > 10 GeV/c
. - Observed
- Hadronic : pr> 15 GeV/c e oected
mass < 1.8 GeV/c? S -xpf: -
- Opposite charge 26 band
= 95% CL upper limits

e Significance of excess is <20 when
entire mass range is considered
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e Update from 1.0 fb' to 1.8 b | | COF Run Il 18167]

Mp= MSSM ¢—1t Search

: [ Preliminary
e EXcess IS gone jﬂ@ev

{ observed
[] A—1t
[ Zi*—tT

e tanpB excluded above ~40 s 5 other Ew,
around m,=140 GeV/c? j

MSSM nggs—wﬂ Search, 95% CL Upper Limit
10T T T T T T T T T T T T

CDF Run Il Preliminary, 1.8 fb-"

50 100 150 200
m,,s (GeV/c?)

— Observed
Expected

16 band

26 band

MSSM Higgs —tt Search, 95% CL Exclusion

:‘ CBE RuntIFRielininany =8k

no mixing

o)
2
=y
l_)
t
=
(14
m
3
+
_e_
{
Q.
2
o]

100 120 140 160 180 200 220 240 L LER2 R nomiing

m. (GeV/c2 100 120 140 160 180 200 220 240
a | ) m, (GeV/c?)
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Beyond SM Higgs: h; — yy sow

e SM production o

Gluon Fusion
o ~ 1000 fb (m, = 120 GeV/c?)

Associated Production
o~ 225 fb

Vector Boson Fusion
o~70fb
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Beyond SM Higgs: h; — yy sow

e Fermiophobic Production

Gluon-Fusion

Associated Production
o~ 225 fb

Vector Boson Fusion
o~70fb
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Beyond SM Higgs: h; — yy sow

e SM decay

Ee]e)

%
BR < 0.25%

SLAC Seminar, Nov. 2008 31 Aron Soha, UC Davis



Beyond SM Higgs: h; — yy sow

e Fermiophobic decay

h — bb
Suppressed by m,*/m,,

h—yy
(Enhanced by >100x )
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Beyond SM Higgs: h; — yy sow

e Selection:

e Do we have sensitivity?

- Not to the SM version (~20xSM with 4 fb™)

- Use fermiophobic scenario as benchmark

ol - 2200
§ 2000F- Simulation:h—vyy, m=110
@ 8% Central - Central
; 1600
= 1oob (Central — Forward adds
@ 1200f- Similar acceptance, ~5%)
'E 00
W s00
600
400
200
0
o 120 140 160
m, (GeVic')
g ) g
e Good mass resolution: < 3%
mean

- Background: SM yy and QCD fakes
- Search for narrow peak on smooth bkg
- Background estimated from sidebands
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- Di-photon trigger and photon E; > 15 GeV
- Optimize for Associated Production,

using expected limit

= p.(yy) > 75 GeV/c

- Keeps ~30% signal, rejects >99.5% bkg

P, of Diphoton System

CDF Run Il Preliminary
PYTHIA: Background (y )
—— PYTHIA: VBF (m,=110)
PYTHIA: h+W/Z (m,=110)

100 150 200 250 300 2350 400 450 500

P17 (GeV/c)
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Beyond SM Higgs: h; — yy sow

e No significant narrow
resonance seen in data

- Fit used for expected sensitivity
and for testing signal hypothesis

h— vy search CDF Run Il Preliminary, 3.0 fb"

10F

Central-Central

8
6
4
2

AN
o
-~
>
)
Q)
A
~~
(%]
2
—
—
c
L

%100 200
m(yy) (GeV/c?)

e Binned likelihood, to set limits
my, > 106 GeV/c? at 95% C.L.
f

- Strongest from hadron collider
- LEP limit: m > 109.7 GeV/c?
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c xBr(h—vyvy)fb
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Fermiophobic h— vy (3.0 fb™')

CDF Run Il Preliminary

—e— QObserved limit

—— Benchmark prediction
Expected limit
1 sigma region
2 sigma region

80 90 100 110 120 130 140
m .. (GeV/c?)
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Beyond SM Higgs: Wrap up
(1) MSSM Higgs, using bbb channel

- Initial excess has subsided
- Look for update with 6-8 b

(2) MSSM Higgs, using Tt channel

- Initial excess has subsided

- Improvement coming: split into b-tagged and untagged samples,
switch to multi-variate approach

(3) Fermiophobic Higgs, using yy channel

- Not sensitive to SM branching ratios,
but interesting to prepare for LHC

- Fermiophobic case (as beyond SM benchmark) gives good limits

SLAC Seminar, Nov. 2008 35 Aron Soha, UC Davis



CDF Global Searches

e Model-independent global searches for new high-p; physics

(1) Vista Examine population and kinematic features of high-p; data

(2) Bump Hunter Search for resonances in invariant mass combinations

(3) Sleuth Look for excesses at high sum-p;
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Global Search Overview

e Capturing data
- Results use 2 fb
- Events come in on inclusive high-p;
electron, muon, photon, and jet triggers
e Object identification

~ eia Iflis Tis Y js bs ¢T
- pr > 17 GeV/c

e Selecting events

- Offline requirements such as
E-(e) >25 GeV, p(u)>25GeVrc,

or E+(y) > 60 GeV, etc.
e Categorization

- ~4.3 million events partitioned into
399 exclusive final states

- New categories created as needed

SLAC Seminar, Nov. 2008 37
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Global Search Strategy

» Use Monte Carlo event generators

such as PYTHIA and MadEvent to
mimic Standard Model

» Simulate CDF detector response
using GEANT-based CDFSim

e Fit for 43 correction factors to

improve SM prediction

- Global fit to all final states, subject
to external constraints

- Leading order theory cross
sections corrected

- Object reconstruction efficiencies
and mis-identification rates
corrected

lterate

s Correction Factors

= Monte Carlo Data (2 fb™)

CDF Simulation

SM Backgrounds

Global comparisons:
- Populations and kinematic shapes

* lterate until clear case for new physics or

all discrepancies have known sources

SLAC Seminar, Nov. 2008
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- Mass bumps
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Population Results

e Summary of “Vista” final state population comparisons (data to SM bkg.)

CDF Run II Preliminary (2.0 fb™")
Final State Data Background
be*p 690 817.7 +£9.2
vt 1217.6 +13.3
pETE i 30.2 £ 2.8

Entries: 399

b2jp high-YXpr 255 327.2 + 8.9
2i7F low-Spr 574 670.3 + 8.6
3j7* low-Xpr 48 199.8 + 5.2
etprE 36 172+ 1.7
2jrErT 33 621 +£4.3

et 741710 764832 + 6447.2
j2r® 105 150.8 &+ 6.3

o
@
el
©
L d
{p
‘©
=
™
@
L d
2
>

... plus 389 additional, less discrepant,
population comparisons

e No population shows a significant discrepancy after accounting
for the trials factor (e.g. -4.30 becomes -2.70)
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Kinematic Distribution Results

e Summary of “Vista” kinematic shape comparisons (data to SM bkg.)
e Automatically produces and examines 19650 kinematic distributions

Example from 19095 shapes that agree:
e CDF Run Il Data
I Other
| I Pythia jj : 9.9%
CDF Run Il Preliminary (20fb ) || | Pythiayy : 13.3%
[ Pythiajy : 13.9%
[ | Pythia Z(—ee) : 51.6%

CDF Run Il Preliminar
Entries: 19650

(7))
c
O
o
=
Q
=
firmr]
a
o
)
]
2
>

e* p; (GeV)

e [nspect the 555 shapes with significant (>50) discrepancy more closely ...
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Shape Discrepancies

e Soft jet emission modeling problem 31 ) pr < 400 GeV — O

_ CDF Run Il Preliminary (2.0 tb™) | 1 pytniajy : 0.1%

| Pythia bj : 3.9%

e No claims for new physics based on these Py -050%

e CDF Run Il Data

3j ZpT < 400 GeV B Other
— r [ | Overlaid events : 0.1%
| CDF Run Il Preliminary (20fb’) | pythiajy: 0.1%
j2 [ 1 Pythia bj : 3.9%
Pythia jj : 95.9%

e CDF Runll Data
e* 2j B Other
- — 3 [ MadEvent Z(—ee)|: 4.2%
| CDF Run Il Preliminary (2.0 fb) | 7 Alpgen W(—ev) ji : 5%
. | | Pythia jy : 11.3%
[ ] Pythiajj: 72.1%

AR(]1,j2)
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Bump Hunter

e Resonance might show up as bump in invariant mass

e Strategy: Example, using Z' events injected into a mix

of pseudo-data based on SM backgrounds:
- Form all object mass combinations

e pseudo-data + 2., .,

I COther
Z - [ Pythia jj : 0.2%
Compare data to SM backgrounds COF Run Il Prefiminary (20 16) | L e b S0 o ome
i . | MadEvent Z(—ee)y : 1%
- Use search window of 2AM ] Pythia Z(—ee) : 98.2%

(AM = expected detector mass resolution)

Simulated
/' events

- Candidate bumps must have:

« > 5 data events

« Side-bands in better agreement
than center

- Use pseudo-experiments to estimate

significance of bumps 250 300
bump in M(e",e’) (GeV)
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Bump Hunter Results

e 5036 mass distributions scanned

Mass distributions: 5036

With bumps: 2316 — 2316 have qualifying bumps
=1

Agreement Disagreement

e Shift caused by local deficiencies

o ) in the SM prediction
Discovery

threshold

Mass Distributions

1 entry e “Discovery” threshold is 50,
corresponding to 3o after trials
factor for 5036 distributions

Probability for corresponding bump from
pseudo-data to have larger significance
than the one found in data
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Bump Hunter Results (ll)

_ e CDF Run Il Data

4j ) pr <400 GeV B Other
— | I Pythia jy : 0.1%

CDF Run Il Preliminary (2.0fb ) | [ Overlaid events : 0.2%
ﬁ | Pythia bj : 4.7%
[ ] Pythiajj : 94.9%

Fo'wugeley

200 300 400
M(j1,j2,j3,j4) (GeV)

e The only significant bump
- 4 jets and low 2p;

e But it's just due to the jet AR
problem seen before

e No new physics found by the

bump hunter in 2 fb”
SLAC Seminar, Nov. 2008

_ e CDF Run Il Data
4j ) pr <400 GeV B Other
— o I Pythia jy : 0.1%
2(0(QCDF Run Il Preliminary (20fb ) | ) Overlaid events : 0.2%
| Pythia bj : 4.7%
[ ] Pythiajj:94.9%

150
100

50

"100 120 140 160
bump in M(j1,2,j3,j4) (GeV)

e CDFRunll Data
I Other

[ Pythiajy : 0.1%

[1 Overlaid events : 0.2%
Z | Pythia bj : 4.7%

[ ] Pythiajj: 94.9%

AR(j2,j3)
Aron Soha, UC Davis



High Zp-

e “Sleuth” makes three assumptions Significance of this region

- New physics will show up as excess
- Excess will be at high =p; Wbbjj CDF Run Il Preliminary (2.0 fo)

Z : . o CDF Run |l data

- Excess will be in one final state [ | Herwig ft : 7%

90 | Alpgen W(—ev) jijj : 4%
[ Alpgen W(—ev) jjj : 2.8%
0 Alpgen W{—pv) jjij : 2.6%
I Other

e Search variable
2pt = 2|pq| + |uncl| + |p+]|

Number of Events

e For each final state

- Scan the 2.p distribution It Zoom of most
, ; , interesting region
- Select the one-sided region with
most significant excess of data

e Perform pseudo-experiments 800 000
____ GeV
to evaluate significance P (GeV)
- P = fraction of pseudo-experiments that find region at least as discrepant in this final state

- Then account for trials factor of looking at so many final states
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Sleuth Results

#2 #1

. e CDF Run Il Preliminary (2.0 fb ) CDF Run Il Preliminary (2.0 fb )
A M | P = 0.0021 P = 0.00055

e CDF Runll data
' | Alpgen W{—pv) jjj : 18% : SM= Q.15
' | MadEvent W(—lv)jy : 13% y d=3
. | Herwig tt : 13% ) =21
I MadEvent Z(—sp) jj < 11% ralue=3.3c
B Other

. CDF Run Il data

| Pythia Z({—11) : 23% . SM= 26
Pythia Z{—pp) : 22% i d= 49
Pythia jj : 20% i _ _
MadEvent Z(—pup) j : 6.5% p-value=3.960
I Other

2.5

il

r

I—|I 1
200 | 400
342

e Final state: €" u*| | Pr ® Final state: € u*

o

L J L L Il Il 1 Il | Il 1 Il | 1 L 1
600 1000 1200
> Z P (GeV)

® Significance of region: ® Significance of region:
P = 0.0021 (2.860) before trials factor, P = 0.00055 (3.260) before trials factor,
27% probable after trials factor 8.5% probable after trials factor
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Sleuth Summary

e Top 5 most discrepant high Xp- tails: e | ast step is to calculate what
fraction of CDF-like experiments

CDF Run Il Preliminary (2.0 fb™) .
) would find an excess at least as

Slegih Podl Sl 2 large as the top Sleuth final state:
ew 0.00055

e u'jjps 0.0021

' u' Py 0.0042 Answer = ~8%
e 0.0047

- 0.0065

e Therefore, no claim for discovery of new physics using Sleuth on 2 fb™

(but there certainly can still be new physics in the CDF data)
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Aside: Dedicated Same Sign Search

e 1 b’ search found slight excess (not statistically significant)

CDF Run Il Preliminary

Loose selection: 2 same sign leptons
Expect 33.7 = 3.5, Observe 44 (7.6% probable)

number of events

Tight selection: 2 same sign leptons
& Z region veto & £, > 15 GeV

| ]
| |
0 : L. Expect 7.9 + 1.0, Observe 13 (6.1% probable)
20 40 60 a0 100 120

Leading lepton transverse momentum (GeV/c)

CDF Run Il Preliminary

s : 2 e Now updating to 3 fb

c o Data c = Data

% M oco % [ Eeleln

“ [ 'u‘u:‘nf.'v.f.-'EE -  WwWizZ . .

4 vy : -y e |[f discrepancy just

€ Drelk-Yan g we : .

: 5 increases with stats,
'[Ldt=1.ufh"‘ It becomes ~2.50

(plus gains in acceptance)

20 40 60 80 100
Missing transverse momentum (GeV/c)

SLAC Seminar, Nov. 2008

60 80 100 120 140 160 180

Invariant Mass {GeV/c?)
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Global Search: Wrap up

1fb1 Phys. Rev. D 78, 012002 (2008)
2 fb': Submitted to Phys. Rev. D RC

e Find no indication of new physics in populations, kinematic distributions,
invariant mass peaks, or high-2p-

e Five final states with most discrepant high-Xp tails all have
same sign leptons

e Provide broad view of high-p; data samples, and enhance understanding
of detectors and standard model simulation

e Happily, they do not rule out new physics
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Conclusions |

e The Discovery Watch has guided our attention to the following results

|. Resonances
(1) Dielectron search, including two forward electrons

(2) Dielectron search, including =1 central electron
(3) Dimuon search

Il. Higgs beyond the standard model
(1) MSSM Higgs, using bbb channel

(2) MSSM Higgs, using Tt channel

)

(3) Fermiophobic Higgs, using yy channel
)
)

33

l1l. Global searches

(1) Vista (population and kinematics)
(2) Bump Hunter

(3) Sleuth (high sum-p;)

e List will evolve, with more than factor of two data left to analyze
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Conclusions |l

e Run Il luminosity projections

8.75 fb-
FY10 start

today / 7.29 fb1

=

~ 1.8 fb-1 delivered in FY08 J ®  Lowest Int. Lum

FY08 start

o)
Naw
>
=
(9]
o
<
S
-]
-l
O
O
fd
©
S
(@)
O
e
<

& A _ . O &
& & A & f.E&‘_S? ffﬁ 1?59 13‘5%\ i ¢
o t;j Al o fﬁf‘. o r é:-f:v @F“( faw

P ! x"‘r&
LS (=3 [

Time since FY04

e More information
http://www-cdf.fnal.gov/physics/exotics/exotic.html
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Other CDF “Discoveries”

e Observation of B_-mixing
- Am, =17.77 = 0.10 (stat) = 0.07 (sys)

e Observation of new baryon states
-2, and B

e \W/Z discovery (60)

e // observation (4.40)

e Single top evidence
- cross section = 2.2 (stat+sys) pb
- |V, | = 0.88%75 (stat+sys) + 0.07 (theory)
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Vista Correction Factors

CDF Run IT Preliminary (2.0 fb™

p Code Category Explanatm n / Error Error(%)
] 43 CorreCtlon faCtO rS, 0001 Iluminosity CDF integrated luminosity a0 ¥

0002 k-factor (05 T (.8 0.05

. 0003 k-fact i e ( ] (1. 006

WI t h Val ues an d errors 0004 kfactor i photon4jet(s) ( 0.04
0005 k-factor .26 (.05
I H 0006 k-fact 1.6 0.08
obtained from global fit |EEE———" |
0008 k-factor i [ jets) 1.6 .08
0005 k-factor 2 0.17
0010 k-factor 1.2 0.0%
0011 k-factor 1.38 0,03
: - - 0012 k-fact 1.23 0,05
e Only applicable within 0013 cfacton 1'00
0014 k-fact 2.11 0.0%

the Vlsta Correctlon 0015 k-r.-::..-t.ﬁ: 1.30 0.028
0016 k-fact 1.2 .04
001 '13 k- f::t::: : 1.02 0.04

m Od e I 0018 k-factor 2 W0 dijet 1. 0.027

g 1.:

0015 k-factor ] T

k-factor 3 P 150 multijet

k-factor

k-factor

k-factor

k-factor 0.05

k-factor E T ) 0.11

k-factor E T } 0.15
i ( ] 0.006

(.03
0.025
(.04
(.03
0.06

=
o

pCR L G L
=]

[y

)
oo

1.
1.
1.
L.:
@

=

] g ( 0.007
3 ] CMUP 4= CMX 0.88E 0.007

rJII"J"'J‘ rJ' 3 entral ( £ 0.018

0031 plug ( 30 0.016

0032 entre ( 4 0.021

0033

0034

nmﬁ 3(j—+b) 25<pr 0.018% 0.0002
n0ao W= 0.0052 0.0001
0040 g — -entr 0.000266 l.dx 10"
0041 misld (e 0.00048

0042 trigger ! ] 0.8 0.007
0043 trigger AX, pp =256 0.916 (0. 00
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Vista Final State Populations

DF Run I1 Prelim

Background
Final State Diata ]

high-Epp
b high-Epp

WH W H

O S

DL N O L L
HHHHHHHHHHHHE

+
+
2+
+
+
+
+
:t.
+
-
8+
+
+
+
+
+
+
+ 4
+
+
+
¢ 1 B
+
+
+
+
+
:t.
+
+
+
+
+
+
+
+
iy
+
2+
+
+
+
5+
+
+
4
+
+
i+
+
+
+
+
+
+
i+
+
+
s+

SLAC Seminar, Nov. 2008 55 Aron Soha, UC Davis



More Sleuth Results
#4 #3

CDF Run Il Preliminary 2.0 ib") ll /+ .+ CDF Run Il Preliminary (2.0 fb )
P = 0.0047 Pr P = 0.0042

® CDF Runlldata
' | MadEvent Z{—up) v : 50%
' | Pythia WZ : 33%
. | MadEvent Z{—pp) j : 4.6%

5 e CDF Run Il data
4
.5
3
T Pythia Z(—11) @ 3.2% 25
2
-5
1
.5
0

Baur W(—pv)y : 33% : SM=5.7
Pythia Z{—pp) : 17% E d=16
. | Alpgen W(—pv) j : 9.9% i p-value=3.4o

[0 MadEvent W(—=v)jy : 7%

Bl Other
250

SM= 0.39
d=4 16

p-value=3.20

B Other 14

1
12

0

250

o

1

100 150 | 200 250 300 350 400

o
18]
o

= GeV
169 2:pT{ )

e Final state: €7 € ' pr e Final state: € " P
t=eorpu
t' = e or u, but different from ¢ ® Significance of region:
e Significance of region: P = 0.0042 (2.60) before trials factor,
P = 0.0047 (2.60) before trials factor, 46% probable after trials factor
50% probable after trials factor
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